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ABSTRACT 
 
Tsunami, one of the most horrible disasters in the earth, the killer wave contains 
incogitable powerful energy rushing to the shore and coastline. Nowadays the best way 
for avoiding the tragedy is to use Tsunami Warning System (TWS) to forecast. How 
does it work? Does it could be reliable enough? These questions attract us to find 
answer and make discovery. Before understanding the truth of TWS, the first important 
knowledge that can not be missed is Plate tectonic. Because most of tsunamis were 
generated by landslide, volcano happened under ocean and undersea earthquake which 
the sources cause Plate moving and crushing to each other. Then our eyes move to the 
knowledge about gravity wave transfers under the water (oceans). This is the key 
element that detected by warning system, according to analyze the data of wave’s 
velocity, the warning system can calculate the time of tsunami arriving. When the 
wave runs up the sea level and makes an inundation.  
 
Generally speaking, TWS is a tool for detecting and analyzing (e.g. the source of 
tsunami, velocity, depth and wave height, mode the potential inundation area). So 
firstly we need to collect data for different elements in TWS; then analyzing a real case 
under different situation and try to give an answer about the operation of TWS; finally 
we can see whether the TWS can be used in other oceans.  
 
We believe with the development of human culture and technology, TWS will be 
consummate one day. And at that time, people will not get so much loss as today by 
tsunami. 
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Chapter 1. Introduction 
December 26, 2004, all the Indian even all over the world can not forget one day for 
ever since the day that killed more than 229,000 people’s living around Indian Ocean. 
Tsunami, one of the natural disasters, killed such enormous people’s lives and 
destroyed the coastal communities. (Ref 1) Face such precipitate flooding, those poor 
people had not any chance to master themselves life. However, let us to think about, if 
there were warning system for tsunami in Indian Ocean at that time, the consequence 
would be mitigation. Just because of the devastating 2004 Indian Ocean tsunami, it 
stimulated the development of warning system. Therefore, the Indian Ocean Tsunami 
Warning System was set up to warning the coming of tsunamis for the coastal 
inhabitants of the Indian Ocean, and United Nations conference was also agree to it in 
January 2005 in Kobe. (Ref 2) In the same way, the tsunami warning system in the 
Atlantic Ocean was also built after experiencing several tsunamis disasters devastating 
the coastal inhabitants around the Atlantic Ocean. On the contrary, the Pacific tsunami 
warning system was set up in 1949; it was almost 50 years as early as the early warning 
system of Indian Ocean. it was called pacific tsunami warning center (PTWC) which 
was built in Ewa Beach, Hawaii. It not only provides warnings for Hawaii’s local but 
also informs immediately to most countries in the Pacific Basin and all other US West 
Coast in long distance. (Ref 3) Although the warning system brought big benefits for 
local inhabitations lived in the coast of Pacific ocean, it still exist some false warnings. 
For instance, American coastal communities have received almost 75% false alarms 
since the 1950’s. These false alarms reduce the confidence of citizens to warning 
system. (Ref 4) 
 
Therefore that is way we were interested in the creditability of early warning system, 
and we chose the Pacific warning system as our research area. That is to say, what we 
would research is to judge the creditability of the Pacific warning system. In addition, 
that we chose Pacific warning system was also because that whether or not we can 
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introduce the advanced the system of pacific warning the coming of tsunami into the 
Indian and Atlantic the two big oceans in order to reduce the death of people living 
around the seacoast of the two oceans. As a result, we chose this title and try to 
understand and identify it. What is a Tsunami? Where is it come from? What are the 
present techniques for predicting the tsunami? Can we trust the existing models for 
building the mechanism of prediction system? Whether we use the pacific warning 
system as the Indian and Atlantic oceans or not? Therefore we put forward such 
question ‘Does the pacific early warning system gives a precise description and 
prediction of Tsunamis?’ as our project’s problem formulation. 
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Chapter 2. Background 
In the following part, we will introduce the situations of tsunamis have happening in  
the three of the four big oceans in the world, Indian ocean, Atlantic Ocean and Pacific 
ocean respectively. Why we only talk the three is that there are quite frequency 
tsunamis happened here, especially in Pacific Ocean. 
 
It is known to all of us that in December 26, 2004 there was a devastating earthquake 
happened in Indian Ocean. It caused a series of ruinous tsunamis because of the 
undersea earthquake, which kills an enormous number of people’s lives. And lots of 
coastal communities were also inundated by water, including Indonesia, Sri Lanka, 
India, Thailand parts. Since its epicenter is the west coast of Sumatra, Indonesia away. 
So how big the magnitude can trigger such devastated tsunami? The answer has been 
recorded as 9.0 on the Richter scale at the beginning; finally it has up to 9.1-9.3. Such 
magnitude was recognized as the second largest earthquake and was also recorded on a 
seismography. In the same way, the longest lasting time of faulting, 500-600 seconds, 
was also recorded on it. Maybe we could not be aware of the serious degree of such 
magnitude. We can describe it in nature, the total release amount in energy from Indian 
ocean earthquake has been estimated as 3.35 exajoules , which equals to 3.35×1018 
joules, also equals to 0.8 Gigaton of TNT. Or you can say such great amount of energy 
can be used in United States for 11 days. As a result, a serious of waves up to 30m (100 
feet) constantly rushed towards the shores of Indonesia, and other countries. (Ref 5) 
One recent analysis list showed, there were totally 229,866 people lost, in which 
186,983 dead and 42,883 missing. (Ref 6) In addition of the serious impact to life, the 
serious consequences were followed, for example humanitarian, economic and 
environmental were all suffered to great extent. Humanitarian aid was needed because 
of destroy of the infrastructure, deficiency of water and food. A serious of diseases, 
like cholera, diphtheria, was spreaded everywhere because of lack of sanitation 
facilities. (Ref 7) The impact of economic was not only on coastal fishing communities 
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and fisherfolk, (Ref 8) but also on the tourism and fishing industries. What is more, in 
some region the supplies of drinking water and farm may have been polluted by marine 
water. (Ref 9) Besides, an enormous environmental influence would take a long time 
after tsunami, like ecosystem severe damage and the discharge of solid, liquid, and 
industrial wastes. (Ref 10) All the severe consequences caused were because there 
were not warning system for Indian Ocean. If we have, to great extend we would 
informed those people in time avoiding the facing danger, we also decrease the loss of 
any benefits to lowest point, including in the economic and environment, etc. 
 
In the same way, let us to see the Atlantic Ocean. Compared with Indian Ocean and 
Pacific Ocean, most of people do not think Atlantic Ocean can be combined with 
tsunamis, but actually Atlantic Ocean do exist tsunami activities, there only has less 
seismic and volcanic activities. That is why there are fewer tsunamis here. The major 
of seismic and volcanic activities of Atlantic Ocean are mainly near the Caribbean 
Island and at the Scotia island arc chain approaching to Antarctica. Where there 
generates earthquake in subduction zones. Normally, the tsunamis in the Atlantic 
Ocean and Caribbean Sea would be generated by earthquake activity, besides, it also 
be triggered by volcanic eruption. Here we list some larger historic tsunamis in the 
Atlantic Ocean and Caribbean Sea. A near 9.0 magnitude earthquake happened 200m 
off the Portugese coast, which generates a tsunami with 10m in height and devastates 
the cities; (Ref 11) and a tsunami caused by a 7.5 magnitude earthquake happened in 
Puerto Rico in 1918. Just this water wave with 4-6m around the coast killed 40 people 
on the island. (Ref 12) In addition, we still can not neglect tsunamis triggered by 
landslides in Atlantic Ocean. Like the most recent tsunami happened in 1929, during 
the tsunami there were 28 people died along the Burin Peninsula of Newfoundland. 
(Ref 13) Just like the Indian Ocean, there was not early warning system in Atlantic 
Ocean.  
 
On the contrary, the tsunamis situations of Pacific Ocean are completely different from 
that of Indian Ocean and Atlantic Ocean because there is early warning system in 
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Pacific Ocean. As we know, must tsunamis in Pacific Ocean occurred usually at    
ring of fire. It is around pacific rims where the boundary of Pacific Ocean. Pacific plate 
is surrounded by a zone of very active causing plate movement frequently. That 
includes deep ocean trenches, volcanic islands or volcanic mountain chains and many 
of subduction zones. Earthquakes and volcanic eruptions make the rim of Pacific Plate 
the most geologically active region on the earth. (Ref 14) Therefore, based on the 
frequency tsunamis happened in Pacific Ocean, thus long before there was a system for 
the early warning system. The Pacific Ocean has been monitored for tsunamis 
happened in Hawaii, Alaska, California, Oregon, and Washington. The operator is the 
National Oceanic and Atmospheric Administration (NOAA). The system of 
monitoring concludes seismic network, tsunami detection buoys, and tidal gauge, all of 
these are defined as DART program (Deep-ocean Assessment and Reporting 
Tsunamis). The NOAA National Weather Service services the tsunamis warning for 
the west Coast/Alaska Tsunami Warning Center. (Ref 15) For the Pacific Tsunami 
Warning Center (PTWC) which was built in 1949 in Ewa Beach, Hawaii. It not only 
provides warnings for Hawaii’s local but also informs immediately to most countries in 
the Pacific Basin and all other US West Coast in long distance. (Ref 16) To great 
extend the Pacific warning system provides a great benefit for saving people’s lives 
and decreasing the economic loss, etc.  
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Chapter 3. Methodology 
Books and Articles are the main resource of our project through we prefer an 
experimental project. Tsunami is too complicate to use a similar equipment or device 
simulating the activity motion. Therefore we considered two methods for leading us 
getting closed to the final result.  
Method 1: Try to understand the causing and process of tsunami.  
Method 2: Analyze the existing pacific tsunami warning system modeling, do our best 
to find their efficiency and creditability, getting whether or not the models 
can be used in the other two big oceans, Indian and Atlantic oceans.  
 
                   
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The main knowledge of Tsunami will be presented in theory chapter including of 
Undersea 
Earthquake 
Plate Tectonic & 
Ocean  
Detective 
techniques  
The Waves 
growth 
Observation 
techniques 
Warning center Analysis 
process  
Identify its 
creditability 
Method 1 
Method 2 
 Page 10 of 71 
 
fundament theory of earthquake, wave transport in the ocean (tsunami growth) and 
early warning system. Then the analysis chapter will focus on researching the 
creditability of existence pacific warning system, we also will use our ideal ocean 
model to analysis the different treatments relevant to the different tsunami generation 
causing, size, velocity and inundation from warning system in our discussion chapter. 
We will also give argumentations of the possibility development direction of the 
tsunami warning system in the discussion chapter.      
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Chapter 4. Results 
4.1 Theory and Definition of Tsunami 
Based on the problem formulation of our project, Does the pacific early warning 
system gives a precise description and prediction of Tsunamis? It is necessary to 
introduce the theory of tsunami in the part. How does it happen; what causes tsunami 
  
4.1.1 What is tsunami? 
Tsunami is a nature disaster, which is usually derived by a severely disturbance 
happening undersea or activity in the ocean or near the coast; as a result it leads to a 
series of large waves with very long wavelength and period. We have known that the 
waves move far away from the origin and they will towards to the direction of 
anywhere. Once they reach the coast, the consequence will rather dangerous and 
damaging. 
 
The word composition of tsunami is from Japanese. The “tsu” means harbor and 
“nami” means wave in Japanese, which is difference with the astronomical tides in 
order to distinguish the same phenomenon of this two waves. As a result, the Japanese 
word means “harbor wave”, it is quite reasonable and generalize its real mean. That is 
why the term is defined into that word and it is also accepted by the government. (Ref 
17) 
4.1.2 What causes tsunami? 
Tsunami, also called seismic sea waves, which is caused by several reasons. The most 
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important cause is earthquakes, less commonly one is landslides happening under sea, 
and submarine volcanic eruption is still small reason, but it seldom appear, and very 
rarely is by large meteorite influence in the ocean. (Ref 18) In our project we mainly 
focus on the most essential cause—earthquakes.  
4.1.2.1 Plate Tectonic 
As is known to all of us, the happening of earthquake is because of the movement of 
plate tectonics. Plate tectonic is composed of a small number of lithosphere plates; 
usually they are 70-250 km thick or so. They swim in the region of asthenosphere. 
Generally speaking, these plates move to each other at rate of 10 cm/year. And the 
inter-cross region of two plates is called boundary. There are two kinds of types based 
on the way of plate moves relevant to another. One plate moves away from another one 
that is called spreading. On the contrary, the plate moves towards to another and slides 
beneath it that is subduction. And then transform, in which the two plates keep 
horizontal each other after sliding. (Ref 19)Besides, we also need to know what is ring 
of fire. It is around pacific rims where the boundary of Pacific Ocean. Pacific plate is 
surrounded by a zone of very active features in the crust of earth. That included deep 
ocean trenches, volcanic islands or volcanic mountain chains and many of subduction 
zones. Frequent earthquakes and volcanic eruptions make the rim of Pacific Plate the 
most geologically active region on the earth. The follow picture specifically shows the 
ring of fire. (Ref 20) 
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Figure 4.1: The figure shows the red line zone—the ring of fire; it clearly encircles the basin of the 
Pacific Ocean, where there were frequent earthquake and volcanic eruption. 
(Ref: Dr.Laura Kong, Director, International Tsunami Information Centre, Honolulu, HI USA; 
“Oceanography: A Special Report”; Page 6 )  
 
4.1.2.2 Earthquakes and Tsunamis  
An earthquake is not only caused by volcanic activity. What is more, it is often 
happens caused by the movement between two continent plates. In simple word, when 
two continent plates move and hit each other, the earthquake occurs. During the strong 
earthquake, there is or so 80 percent of the total energy will be released, it occurs in the 
zone of subduction, in which an oceanic plate slides beneath a continental plate or 
another younger plate. (Ref 21)  
 
Most tsunamis are caused by ocean plates faulting associated with large earthquakes. 
The earthquake happening in fault zone and it must be underneath or near the marine, 
and of course it must need to cause vertical movements of the seafloor over to large 
area. Only in this way, it can generate tsunamis. Tsunamis are produced when a plate is 
thrust drop or up suddenly by another. So a huge mass of water is displaced, producing 
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the tsunami. But when the plates move gradually or in small thrusts, only small 
earthquakes were produced. That is to say, not all types’ earthquakes can generate 
tsunamis. Usually when you meet a destructive tsunami, its focus must happen in the 
region of shallow sea, where the subduction zones take charge of the severely bad 
tsunami. In a word, the elements of causing tsunami include: the movement amount of 
vertical and horizontal motion of the seafloor; the area of movement seabed; the 
situation that the sediment form sea bottom subside because of shaking; and also the 
efficiency of energy transported from earth’s crust to ocean water. (Ref 22) The 
following picture shows a mechanism of tsunami caused by earthquake. 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: The picture shows a mechanism of tsunami caused by earthquake. 
(Ref: “Tsunamis, the great waves”; IOC Brochure 2006-2, Paris, UNESCO, 2006. Published by the 
United Nations Educational, Scientific and Cultural Organization; Page4) 
 
Because of the earthquake, the seawater will shake. At first in the earthquake, the 
seawater will move to lower place as water displacement. After that water will come 
from the bottom. After up and down, the seawater will form a large wave. Normally, 
the wave will be more than 100 meters. After the wave arrive the shallow, it will 
become larger. (Ref 23) 
  
Out of question, the energy release based on seafloor earthquake must be related to 
water wave’s travel, as well as the magnitude of tsunami. Based on the relationship 
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between Richter scale (the tool for judging the magnitude of earthquake) and energy, 
here comes the energy will increase 32 folds when increasing one magnitude of 
Richter scale. Here define 1 Richter Scale is looked as 0.48×10-3 ton of TNT (0 
magnitude earthquake depending on the epicenter within 100 km and the amplitude is 
10-6 m). (Ref 24) From the relationship between the earthquake magnitude and energy 
release, we can clearly feel the power of such earthquake, and tsunami serious degree.  
 
 
4.1.3 How tsunami waves grow 
Wave energy of tsunami extends from the bottom to the surface of the sea. When there 
was a disturbance, a series of water wave travel away from the origin. (Ref 25) And the 
wave speed of deep sea is faster than one of shallow sea, and they have different 
judging condition. As the deep water is concerned, its wave speed is based on the 
wavelength, For the deep-water, its wavelength is longer, therefore it has higher speed; 
while for the shallow-water, its waves do not depend on the wavelength but base on the 
depth water. Here has one wave velocity equation, its only suit for shallow water 
waves.  Where C is velocity of water, g is gravity acceleration (9.8m/s2), h 
is the water height. Although the velocity of water travel is based on different factors 
for deep and shallow water, the equation still fit for Deep Ocean. That is due to the 
much longer wavelength than the water depth. Normal, ocean average depth is less 
than 5km depth, and the corresponding wavelength is further bigger than 5km, thus 
such deep-water wave with rather long wavelength can not travel in the ocean.(the 
deep-water wave can always act as tide) As a result, we still thought the wave in deep 
ocean as shallow-water wave. According to the equation, we can get the velocity of 
water waves is exponential to the water height. Therefore, the wave speed of shallow’s 
water is lower. (Ref 26)  Besides, just as the longer wavelength in the deep sea, so the 
velocity of water wave is faster, for example when a tsunami travels passing water with 
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4,000 meters, correspondingly its moving speed is 200m/s. It only loses rather little 
energy due to the longer wavelength. Therefore, that is why a boat can’t feel the 
happening of tsunami in the deep sea when a tsunami coming. On the contrary, when a 
tsunami reaches the coast, its moving speed will slow and height will increase. (Ref 
27) 
 
The waves slow down to 45 to 60 kilometer per hour as the tsunami reaches the 
shallow water, where the waves become more and more compressing. As long as the 
ocean wave hit the coastline, then the energy of wave must be compressed in a much 
shorter distance and much shallower depth. As a result, it generates a destructive ocean 
wave and threatens to all living things nearby the coast. (Ref 28) The following picture 
illustrates distinctly the change of the wave from deep oceans to shallow water.  
 
 
 
 
 
 
 
Figure 4.3: The figure illustrates distinctly the change of the wave from Deep Ocean to Shallow 
Ocean. Clearly, the wavelength of water becomes smaller and smaller, the height of water becomes 
higher and higher, the velocity of water becomes slower and slower. 
(Ref: “Tsunamis, the great waves”; IOC Brochure 2006-2, Paris, UNESCO, 2006. Published by the 
United Nations Educational, Scientific and Cultural Organization; Page6) 
 
We have known the wave is becoming higher and higher when it approaches to the 
coast, and then to great extent it must lead to a serious consequence when the wave 
height is over 2 meters. Here we introduce another term “run-up”. It is the max height 
of a tsunami reaching on shore, the vertical distance between the normal sea level and 
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the height of max wave happening on the coast. For any tsunami, if the run-up over 1 
meter we think it is dangerous. Normally inundation of each wave lasts for 10- 30, 
which mean the dangerous period will last for many hours. Because that the direction 
of wave energy is towards to upwards, therefore the inundation can be set up a high 
wall, which is the reason causing deaths and injuries. (Ref 29) 
 
 
4.1.4 The influence of coastline 
The impact of tsunami and the wave height bring in a high run-up, leading to 
devastating influences to the communities of coast. However, what are the determined 
factors. Here we list many directly factors, which includes the features of offshore and 
coast, and how the energy is collected and move along the waves. Besides, river 
mouths, reefs, bays, undersea characters, as well as the slope of the beach, all of them 
can increase the impact of tsunami to a degree. Flooding can attack inland by 300 
meters and even more, which can cover much of land and debris. (Ref 30) 
 
However, a small island with a steep slope can forbid the strong impact brought by 
tsunami, because it only generates a small run-up. That is to say the height of tsunami 
wave on the shore is slightly higher than it in the open sea. Therefore, there is a small 
risk on the island with barrier reefs or the edge of steep slope when the flooding attacks. 
(Ref 31) 
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4.2 TWS Magnitude definition relevant to the Earthquake 
knowledge    
The earthquake in the ocean will cause the tsunami. So we need focus on the 
earthquake in the sea at first. We have written the cause of the earthquake in the ocean 
before. And we know that the earthquake is caused by the movement of the plate 
tectonics. But how can we forecast and observe the seism in the ocean? Which role 
does seism play in the tsunami? How does it affect the water wave in the ocean?  
 
Actually, the seismic networks have been set up for many places in the marine area. 
They can provide many critical data for forecasting the seism undersea. These 
networks depend on many seismographs on the sea floor. The most efficient and 
widest technique is deep-sea borehole observatories. Because of the limiting of 
technique, large numbers of seismic networks set up on the continent. The oceanic 
viewpoint is very privative. So scientists use the deep-sea borehole observatories 
which are embedded in the basalt to detect the movement of plate tectonics. The 
seismographs are also embedded in the basalt. These seismographs can hang together 
with terrestrial seismic networks to detect the seaquake. 
 
 
4.2.1 Earthquake waves and its magnitude scales
  
We need to know how to detect the seismic waves by seismograph. The earthquake 
waves are transmitted through crust from the epicenter. It can lie as deep as 700km 
beneath the crust of the Earth. (Ref 32) There are four kinds of wave : P, S, Rayleigh, 
and Love. The seismograph can receive the P and S waves. And the seismograph 
station can use these two different waves to forecast the seism. The P wave can arrive 
at the seismograph first. The transmission of P wave bases on the cubical varies of 
carrier. It can be transmission in the liquids, gases and solids. The speed is fastest. The 
transmission of S wave bases on the modal varies of carrier. It can be only transmission 
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in the solids. The speed is slow. As we all know, we often use the Richter scale to 
measure the magnitude of surface seismic waves at a period of 20 seconds. (Ref 33) 
We use the symbol Ms to represent. For a long time, we use the Richter scale to 
represent the size of magnitude of earthquake. The earthquake occurs about once per 
year. Then there are only 10% of earthquake which can cause the tsunami occurred 
under an ocean. (Ref 34) By this token, the tsunami from the earthquake undersea is 
not frequent. So we noticed about that the tsunami will be generated by seismic events 
which are more than 6.5 on the Richter scale. Tsunamis are generated by deep ocean 
earthquake. Many earthquakes occurred in the crust of earth between 0 and 40 km can 
generate most of the tsunami. (Ref 35) 
 
So, according to the Ms Scale, we can be informed when the tsunami will be generated. 
But there is a problem that we need to face: "When the Ms scale saturates around a 
magnitude of 8, precisely at the point where significant tsunami begin to form." (Ref 
36) This is a choke point for tsunami warning. So the seismic moment, Mo, was 
introduced. It is measured in Newton meters (N m). It is a better measurement for the 
size of an earthquake. "It is developed and refined for both near and far-field tsunami 
in 1987 at the French Polynesian Tsunami Warning Center in Papeete, Tahiti." (Ref 37)  
They use the TREMORS (Tsunami Risk Evaluation through seismic MOment in a 
Real time System) to analyze and detect four kind of different waves for any 
earthquake in the Pacific Ocean. The TREMORS not only uses the seismic wave P and 
S waves, but also uses the Rayleigh and Love waves to detect and analyze the 
earthquake. Because of the Mantle moment (Mm), It is calculated by Rayleigh or Love 
wave. These long waves have periods between 30 and 300 seconds. (Ref 38) So there 
is an equation to calculate the seismic moment from the mantle moment:  
 
                    Mm = log10Mo - 13 
     WHERE:  Mm is mantle moment scale (dimensionless)   
                Mo is seismic moment measured (N m) 
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(Ref 39) 
 
If the slow earthquake is happened, the long period surface waves are more than 250 
seconds. We can use other equation which is between the seismic moment and this 
moment magnitude scale Mw:  
     
                        Mw = 0.67log10Mo - 10.73 
          WHERE:  Mw is moment magnitude scale (dimensionless) 
(Ref 40) 
 
So, according to these two equations, we can get the magnitude scales for earthquake 
in different periods. 
 
 
4.2.2 Tsunami waves and its Magnitude scales 
As we all know, the tsunami is generated by large earthquake. In the nature of things, 
the tsunamis also have waves and magnitude scales. Universally, the tsunami waves 
are much like sinusoidal wave in the open sea. The run-up phenomenon happens as 
waves flowing into shore area. The waves are much like solitary wave. They have 
wavelength and period. But the first one has deep-water height. The second one just 
has the wave height at shore. As the tsunami is generated, the several large waves 
travel in deep water which is less than 0.4m in height. (Ref 41) If the waves in the deep 
water, the ratios are height: wavelength. Contrarily, if the waves in the shallow, the 
ratios are height: water depth. Here, the height is from crest to trough wave height. 
"Tsunami wave characteristics are highly variable." (Ref 42) So, sometimes, the waves 
include an initial peak. It will taper off in height exponentially over four to six hours. 
(Ref 43) Normally, the period of tsunami is 100-2000 seconds (1.6-33 minutes). (Ref 
44) The speed of period traveling is 600-900km/hr (160-250m/s) in the deepest part of 
open sea. The wave moving to the shore from the open sea will be slower and slower. 
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The speed decreases into 100-300km/hr (30-85m/s) when it crossing the continental 
shelf. The speed is only around 36km/hr (10m/s) as the wave arriving at the shore. (Ref 
45) We can get the wavelength by the finite depth of ocean and the mechanics of 
tsunami waves. So, the wavelength is between 10km to 500km.  
 
The relationship between wave height and wavelength is very low in the open sea. (Ref 
46) That means if the wave is not very deep, they almost have no relationship. Vice 
versa, if the oceans is enough deep, the relationship between them will be oscillatory. 
So, the velocity of wave will have a simpler formula in the shallow water, the equation 
has been introduced in the theory part.  
 
 
There are a couple of waves in the process of traveling. The speed of them is not same. 
If the wavelength is same, the short period waves have a fast speed. So, we get other 
formula about wavelength, velocity and period:  
                   L = CT 
 
In this formula, the L is wavelength, the unit is m. The T is wave period, the unit is 
second. (Ref 47) 
 
We have analyzed the velocity of waves in open sea. But when the wave arrive the 
shore, the velocity is absolutely different. At first, as we all know, when the tsunami 
arrive the shore, the run-up of it will be happened. It will be much higher than the 
height of waves in the open sea. For example, "the largest run-up height recorded was 
that produced on 9th July in 1958 by an earthquake-triggered landslide in Lituya Bay, 
Alaska. Water swept 524m above sea level up the shoreline on the opposite side of the 
bay, and a 30 to 50m-high tsunami propagated down the bay."(Ref 48) So the equation 
of maximum run-up height is:  
                   
                   Hrmax = 2.83(cotB)Hs1.25 
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In this formula, the Hrmax is maximum run-up height of a tsunami above sea level, the 
unit is m. The Hs is wave height at shore, the unit is m as well. The B is slope of the 
seabed, the unit is degrees. (Ref 49) 
 
After that, we can get the formula of velocity of run-up by the velocity of tsunami 
wave in open sea. So the formula is:  
  
                   Hs = d 
                   vr = 2(gh)0.5 
 
In this formula, the vr is velocity of run-up, the unit is m/s. (Ref 50) 
 
But, when the run-up is happened at the shore, slope and bed roughness will influence 
the velocity of run-up. So, according it, we need think about the slope. So the formula 
is: 
  
                   vr = Hs0.7{tan(Bw)}0.5/n 
In this formula, the Bw is slope of the water surface, the unit is degrees. The n is 
manning roughness coefficient, the unit is dimensionless. (Ref 51) 
 
The earthquakes have magnitude scales. The tsunamis also have magnitude scales. For 
researching more deeply, the tsunami magnitude scales are introduced. At first, the 
simpler formula is the Imamura-Iida scale. It was used between 1700 -1960 in the 
Japan. (Ref 52) The formula is: 
 
                   mII = log2Hrmax 
 
In this formula, the mII is the tsunami magnitude scale of Imamura-Iida, the unit is 
dimensionless. (Ref 53) 
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The formula can represent us the magnitude scale in Japan. But, as we all know, 
"Japanese tsunami have between 1 and 10% of the total energy of the source 
earthquake." (Ref 54) So, according to the earthquake magnitude, we can estimate the 
tsunami magnitude scale. For example, in the Japan, if the earthquake magnitude is 
more than 7.0, the tsunami magnitude is more than 0; the maximum run-up height is 
more than 1m. It means the tsunami will be generated and the wave height will be more 
1m. After 1960, this formula was extended to worldwide. Because of the different 
maximum run-up height along coast, so the change is necessary. It became: 
 
                    is = log2(1.4Hr)  
 
In this formula, the is is tsunami intensity of Soloviev, the Hr is mean tsunami run-up 
height along a stretch of coast, the unit is m. (Ref 55) 
 
These two formulas did not refer to the earthquake. The factors of earthquake should 
be combined with the formula. So, the formula was made more identifiable: 
                    Mt = log10Hr + 9.1 + C 
In this formula, Mt is tsunami magnitude at a coast. The C is a small correction 
dependent on source region. (Ref 56) 
 
By the development and impeccability, the Re is defined, it means the shortest distance 
to the epicenter of a earthquake that can cause tsunami, and the unit is km. So, the 
formula is become:  
                    mII = 2.7(log10Hr + log10Re)- 4.3 
This formula is a final one for tsunami magnitude scales. The constant means it is 
around the Japan. If tsunami is in other area, it can be changed base upon the condition 
of the area. (Ref 57) 
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4.3 Tsunami Warning System 
4.3.1 Overview of Tsunami warning system 
Let’s image that a violent undersea earthquake cause a huge tsunami wave and getting 
close to our homes where we living along the coastal of Pacific Ocean.  
Figure 4.4: The 
picture in left gives 
us an overview of 
the tsunami 
warning processes. 
Thus we can pick 
up main elements 
for identification a 
tsunami in the 
warning center. 
(Ref: “The 
Tsunami Warning 
System – How 
Does It Work?”; 
Page 5, 03.12.206) 
 
 
 
 
 
 
 
 
 
 
Then we got authoritative information that warning us to evacuate out of the city we 
live, but people may lose millions of dollars if they absolutely following the 
evacuation order. Can we trust these guys who working with the tsunami warning 
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system and how do they work in the warning center? So the first thing we need to 
know about is in which conditions makes the warning center publishing evacuation 
order to the potential damaged area. 
 
Main elements to the warning center contain three aspects, Detection, Modeling and 
prediction. Processes before ‘Tsunami Warning Center’ are part of detection which 
means collection primary information (seismic data, sea-level observation and 
undersea pressure counting). Warning center using computer program simulate the 
process of Tsunami wave transferring and get the answer of where will be hit. That’s 
the processes we called modeling and prediction. Nice result based on good data which 
means the accurate measuring and observation, however, identification Tsunami is 
quite complicated combination of different kinds of information. The key for 
prediction hitting area is numerical modeling 
 
For reducing the loss of life and property, the tsunami warning system try to forecast 
the potentially tsunami, ahead of its arrival. So that inhabitants in vulnerable coastal 
can prepared and respond rapidly. Sometime, you must heed the nature warning not 
only wait for alarm from warning system. Because some local tsunami where there 
may not be time for warning alarm, people should go to higher ground when you fell 
shaking, earthquake also is warning alarm. 
One effective tsunami warning system should be: 
1. Confirm the potentially tsunami rapidly, assess the risk and immediate 
dissemination to the public. 
2. Reduce the incidence of false alarms. To this day, American coastal 
communities have received almost 75% false alarms since the 1950’s. The 
false alarms reduce the confidence of citizens to warning system. (Ref 58) 
3. “The popularization of tsunami knowledge and some effective coastal 
fortifications, eg: shoreline barrier forests and seawalls.” (Ref 59) 
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4.3.1.1 The development of Tsunami Warning System 
Early tsunami warning system was the U.S. Seismic Sea Wave Warning System which 
from 1946. Owing to most tsunamis was caused by earthquake activity, this system 
was just to monitor earthquakes and provide warnings of tsunami danger around the 
Hawaiian Islands. This system gives people information about potential tsunami 
warning by earthquake size and location, but you couldn’t firsthand get tsunami 
information.(Ref 60) Earthquake monitoring can get fastest information for early 
warning, because seismic waves travel speed in the earth much bigger than in the water. 
But not every underwater earthquake can cause tsunamis, so that most tsunami 
warnings were considered false alarms. 
 
By the influence of the tsunami in Chile (1960) and Alaska (1964), more and more 
countries of the Pacific Basin get interesting and recognition to the tsunami warning. 
In 1965, Pacific Tsunami Warning Center (PTWC) came into existence and became 
the Center of international tsunami warning system. This system could issue the 
tsunami warning information timely to threatened areas in uniform manner, so that 
people can get response rapidly. (Ref 61) 
 
The PTWC have three main activities:  
1. Earthquake monitor collect seismic data and analyses. 
2. Sea level monitor measure the sea level of coastal and deep-ocean, and 
forecast associated wave by using numerical models. 
3. Confirm the size of tsunami and decision-making issue tsunami information. 
(Ref 62)  
Due to early warning system only monitored earthquakes and make much more false 
alarms. Scientist added new facility--tide stations, which could measures changes in 
sea level and transmits data to satellites. And then satellites transmit information to 
tsunami warning center. But this facility also has its weakness. Tide stations only could 
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get local tsunami data but distant tsunami. For remedy this limitation, NOAA put 
deepwater instrument which called DART (Deep-ocean Assessment and Reporting of 
Tsunamis) in 1997, by the end of 2003, there were seven DART in the deep-ocean of 
the Pacific. (Ref 63)   
4.3.1.2 Definition of Tsunami Warning System (TWS). 
“A tsunami warning system is a system to detect tsunamis and issue warning to 
preventless of life. 
A tsunami warning system consists of two equally important components: a network of 
sensors to detect tsunamis and a communications infrastructure to issue timely alarms 
to permit evacuation of coastal areas.” (Ref 64) 
4.3.1.3 Deep-ocean Assessment and Reporting of Tsunamis II (DART 
II) 
DART II system is made by NOAA’s Pacific Marine Environmental Laboratory 
(PMEL). It is the second generation of DART. There are six buoys that comprising a 
array to monitor and report water column height in the Pacific Ocean. The column data 
return ratio of the array is 91%.  
 
 
4.3.2 DART II System Components  
The DART II System has two important parts: a tsunameter is put in undersea and a 
buoy which can transport information between tsunameter and satellite.  
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Figure 4.5: DART II system and the related telecommunication nodes 
(Ref: Christian Meinig, Scott E. Stalin, Alex I. Nakamura NOAA, Pacific Marine Environmental 
Laboratory (PMEL), Hugh B. Milbu; “Real-Time Deep-Ocean Tsunami Measuring, Monitoring, 
and Reporting System: The NOAA DART II Description and Disclosure”; Page 5; 06.04.2005) 
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Figure 4.6 This figure gives a structure and processes overview of DART II system. 
(Ref: Christian Meinig, Scott E. Stalin, Alex I. Nakamura, Frank González; “Technology 
Developments in Real-Time Tsunami Measuring, Monitoring and Forecasting”; NOAA, Pacific 
Marine Environmental Laboratory (PMEL);06.04.2005; edited by Lei Hong) 
 
 
 
4.3.2.1 Tsunameter 
The computer reads the result of pressure, runs tsunami detection algorithm, transport 
data to buoy by using acoustic modem. 
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Figure 4.7: The structure of tsunameter. 
(Ref: Christian Meinig, Scott E. Stalin, Alex I. Nakamura NOAA, Pacific Marine Environmental 
Laboratory (PMEL), Hugh B. Milbu; “Real-Time Deep-Ocean Tsunami Measuring, Monitoring, 
and Reporting System: The NOAA DART II Description and Disclosure”; Page 6; 06.04.2005) 
 
The transducers use quartz crystal beam, under electricity environment, causing 
vibrating. After detecting, the pressure sensor will give relationship between 
temperature and pressure proportionally.  
 
The reciprocal counters calculate pressure and temperature signals. The computers 
save the pressure and temperature data in a very small memory card. About 18 
megabytes of data is generated in 15-second sampling period each year. 
 
The computer system that used in buoy and tsunameter is programmed by using C. It is 
made to be energy efficiently. The computer is used to execute and control the basic 
functions of buoy and tsunameter: operating tsunami detection algorithm, saving water 
heights, and controlling the automatic mode switching.  
 
Besides, each tsunameter has a tilt sensor. The tilt sensors are used to determine the 
orientation of acoustic transducer when the system has settled on the seafloor. So if the 
tilt is bigger than 10 degrees, the tsunameter can be redeployed.  
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The acoustic modem uses almost same battery packs but with over 2000 watt-houses 
of energy. This kind of batteries can continue working for four years.  
 
4.3.2.2 Tsunami Detection Algorithm 
When tsunami detection algorithm works, firstly, it will estimate the amplitude of 
pressure fluctuation, after this, the tsunami detection algorithm will test the amplitudes 
against a beginning data. If the amplitudes are bigger than the beginning, the 
tsunameter will exchange to the Event Mode and gives the details data of the tsunami. 
  
Each tsunameter in dart system can detect and report tsunamis by itself, not send all of 
the data to the center or instructions from land, because that can avoid waste resource. 
The tsunami detection algorithm in the survey's software ‘’works by first estimating 
the amplitudes of the pressure fluctuations within the tsunami frequency band and then 
testing these amplitudes against a threshold value. The amplitudes are computed by 
subtracting predicted pressures from the observations, in which the predictions closely 
match the tides and lower frequency fluctuations.’’ In the easy way to say is follow the 
data they got from the tsunameter, compare with threshold value, prognosticate what 
will we obtain later. The predictions are updated per 15 seconds, which is the sampling 
interval of the DART gauges. When the receiver get a non-trigger signal from tsunami 
waveform detector, Tsunami Detection Algorithm and system return to the normal 
status model which is called ‘standard status’. 
 
Critical minimum value for oceanic noise detection evaluated on past observations 
data. The North Pacific is 3 cm (or 30 mm). When an earthquake causing a tide wave 
and the amplitudes over the critical value, the report sending process goes into event 
mode and continuing remain this situation at least four hours.  
(The tides and lower frequency signals are predicted within a few millimeters using a cubic 
polynomial that is fit to bottom pressure observations over the past three hours) 
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H
p
(t') = w(i) H*(t-idt)
  
 
H* is a measuring pressure value from 10-min averages. 
‘dt’ equals to one hour. 
‘t' is prediction time which set to 5.25 minutes. It is comes from half value of 10 
minute averaging interval, but we still need to consider about the sampling time which 
we plus 15-seconds for reasonable sampling interval.  
‘w(I’) means coefficients and come from Newton's formula (II).  
According to the formula, we can get w(i) value.  
   w(0) =  1.16818457031250    w(1) = -0.28197558593750 
w(2) =  0.14689746093750    w(3) = -0.03310644531250 
 w(0) x H* x (5.25 - 0 x 60)      w(1) x H* x (5.25 - 1 x 60) 
 w(2) x H* x (5.25 - 2 x 60)      w(3) x H* x (5.25 - 3 x 60) 
Hp =  +  +  +  
 
The condition for judging a tsunami is the difference between H* and Hp over the 
critical value. (Ref 65) 
 
4.3.2.3 Reporting Modes 
Tsunameters work under two kinds of reporting modes, one is in low energy and 
scheduled transporting mode, this mode is Standard Mode; the other one is called 
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Event Mode, this mode will be triggered when tsunami or earthquake happens. 
  
1. Standard Mode‘s reports includes of average height of water, status indicator, 
battery information and time signal. One report is sent to transmission equipment 
every 6 hours.    
 
2. Event Mode’s data is quite the same as standard mode, but information was sent 
more often than data sent in standard mode. Process transmits immediately when the 
trigger situations are satisfied that means measurement and predicted value more than 
maximum value. 
(Ref 66) 
.  
4.3.2.4 Surface Buoy 
The surface buoy relays data and commands between the tsunameter and the satellite. 
The buoy is connecting with an electronics which can get real-time record. In the 
tsunameter part, it is a process that using a pressure transducer measure the pressure 
acted by the water column staying the surface of water every 15 seconds.(Ref 67) 
Because there is a crystal matter, which could shake resonantly. It can transfer data 
from the tsunameter to the buoy via an acoustic link. Through the GOES 
(geostationary operational environmental satellite), the data we got will send to the 
tsunami warning center. The buoy has two same electronic systems to prevent one of 
the electronic system does not work. The Standard Mode transmissions are put on a 
preset schedule in the electronic system. The Event Mode transmissions, depends on 
their importance degree, are transmitted by both systems at same time. (Ref 68) 
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Figure 4.8: Structure of surface buoy 
(Ref: Christian Meinig, Scott E. Stalin, Alex I. Nakamura NOAA, Pacific Marine Environmental 
Laboratory (PMEL), Hugh B. Milbu; “Real-Time Deep-Ocean Tsunami Measuring, Monitoring, 
and Reporting System: The NOAA DART II Description and Disclosure”, Page 9, 06.04.2005) 
In the normal condition, when there is no tsunami, the tsunameter could transfer four 
averagely 15 second records in an hour. The four values are all from every separated 
record. While we get the records, the tsunameter is arranging the data and get the 
feedback from the buoy on the surface of water. After that, it will send the result to 
GOES. Then we can search the ocean tide which is calculated data in the internet.  
The hourly message also has another use - check the buoy whether or not at its anchor. 
Because the surface buoy uses the GPS buoys position for sending message, if the data 
are not received from the bottom, the sending position will show where they are.   
An algorithm running in the bottom pressure recorder generates predicted water height 
values and compares all new samples with predicted values. (Ref 69) 
 
The figure 4.8 shows the transmitted process in surface buoy. The data by two RF 
antenna received from the tsunameter are received. After computing, dealing by 
modem and the acoustic transducer, the data will be packed as acoustic data, finally 
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sending to satellite. The acoustic modems and transducers are same as used in the 
tsunameter. For getting reliable data transmission, two completely same systems are 
used on the buoy. The computer is the same as used in the tsunameter. It processes 
messages from both the satellite and the tsunameter. 
 
An innovation of DART II is bi-directional communication, it means that workstation 
on land can receive data from buoy and tsunameter, also can send message to buoy and 
tsunameter.  The warning center give commands and the commands queue in a server 
until the buoy is in Listen Mode. 
 
When it is connected between Workstation and Buoy, these commands will be sent: 
“Turn on Deployment Mode for 30 minutes in the tsunameter 
Download one hour of high frequency data (15-second data) 
Trip tsunameter into Event Mode 
Turn acoustic modem on or off 
Turn on Event Mode 
Turn off Event Mode 
Reboot tsunameter computer 
Change tsunami detection threshold (30 to 90 mm range) 
Reboot buoy computer 
Get engineering data from tsunameter “(Ref 70)  
 
 
4.3.2.5 The transition of Buoy--Satellite 
According to using Iridium transceivers, buoys can send data to Iridium Satellite 
Network.  
 
When the tsunameter is in Event Mode, it takes the same form to transmit the alert to 
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buoy. In Standard Mode, transmissions occur once every six hours. Transmitting timed 
water-column height data can make sure that the DART II system works in normal 
condition. If there is no data transmitted from tsunameter, the buoy will send 
coordinates instead of water column height data. Then the center will check and ensure 
that buoy is not parted from its anchor. 
 
4.3.2.6 The transition of Satellite----Ground Station 
DART II uses the Iridium Satellite network. Data that from every part of DART II is 
stored in a server via the Iridium Gateway and RUDICS server. Also, these data are 
monitored by warning center. Further more, the data is sent to web server and can be 
browsed by anyone. 
 
Usually, sea level or tide data are relayed from satellite to ground stations to make sure 
that the system is in normal condition. When an event is detected, the procedure of the 
data will be transmitted similarly to the two transitions. 
 
 
 
4.3.3 The application of satellite technology in TWS 
Generally, in DART, the transmission of messages through seabed pressure gauges 
connected buoys and then transmitted via satellite to warning centers. Pressure gauge 
is very accurate, but it's so expensive that hinder the deployment and application. So 
scientists came up with the use of satellite to detect the tsunami. 
 
Unlike conventional observations, such as tide gaugessatellite can observe the 
Change in the sea surface height, far-flung trends of the tsunami wave and the profiles 
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of the sea surface. These data can be used to checkup the experiments and research of 
tsunami warning model. In addition, satellite observations have also found tsunami 
caused by ocean dynamic phenomena (eg: wind and eddies). (Ref 71) 
4.3.3.1 Satellite Altimetry 
Satellite altimetry is one kind of microwave radar to measure the distance to the sea 
surface, and it can directly detect the propagating of tsunami in oceans. The sea surface 
heights will be changed before tsunamis happened, so that propagating tsunamis could 
be observed by satellites, and only if when satellites have proper tracks. 
 
In a general way, NASA (National Aeronautics and Space Administration) used 
altimeters on the satellites (TOPEX/Poseidon and Jason-1 by NASA, USA and CNES, 
France) to observe and measure the difference in sea surface height. But in the fact, the 
results are always influenced by effects of sea currents, sea temperature and wind on 
the sea, other oceanic phenomena and errors. So, satellite altimetry also should analyze 
and eliminate these effects.  
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Figure 4.9: Measurement system of TOPEX/POSEIDON. The accuracies  of observations in this 
system is less than 4.2 cm(From NASA's website) 
(Ref: Yutaka Hayashi, Nobuo Hamada, Tsurane Kuragano, Toshiyuki Sakurai, Hiromi Takayama, 
Yohei Hasegawa and Kenji Hirata; “Change in the sea surface height observed by satellite 
altimetry before and after the 2004 Sumatra-Andaman earthquake”; 2005; page5) 
 
 
 
 
 
Figure 4.10: One part of Sunda Trench to analyze 
before and after earthquake. The black and white Lines 
show us the observation points on the tracks of satellite. 
The blace circles denote the epicenters. 
(Ref: Yutaka Hayashi, Nobuo Hamada, Tsurane 
Kuragano, Toshiyuki Sakurai, Hiromi Takayama, 
Yohei Hasegawa and Kenji Hirata; “Change in the sea 
surface height observed by satellite altimetry before 
and after the 2004 Sumatra-Andaman earthquake”; 
2005; Page6) 
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On 26 December 2004, the devastating tsunami in the Indian Ocean caused by 
Sumatra-Andaman earthquake was detected by satellite altimeters. To this time 
measure as an example, we choose one belt-like trenches and make the distributions of 
the sampling points before and after tsunami (as show in Figure 4.10).  
At first, the satellite will make choice of one target area, and get some sampling points, 
the sampling points we get more, the results we get well and truly.  
Secondly, satellite will record the data of averaged sea surface height before tsunami 
happens and that after. Then make the differences (averaged sea surface height after 
the earthquake minus that before).If the result we get is 30km. That means average 
height of sea surface at all points fall in the range of 30±10 km from the Sunda Trench. 
 
Figure 4.11: The x- axis is the 
distance from the Sunda Trench 
in km, and the y-axis is the height 
of sea surface in cm. The small 
dots is the sampling points, and 
large dots with error(may be 
caused by the accuracy of the 
satellite altimeters) show the 
averaged height of sea surface. 
(Ref: Yutaka Hayashi, Nobuo 
Hamada, Tsurane Kuragano, 
Toshiyuki Sakurai, Hiromi 
Takayama, Yohei Hasegawa and Kenji Hirata; “Change in the sea surface height observed by 
satellite altimetry before and after the 2004 Sumatra-Andaman earthquake”; 2005; Page7) 
 
 
 
 
4.3.3.2 The observation of internal waves by satellite 
The satellite could detect the tsunami-induced wave patterns which is significant 
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disturbances in the sea. These waves are formed depend upon sea reflectance. The 
wind-induced and suspended sediment are main factors to influence sea reflectance. 
Biological activity such as phytoplankton and Zooplankton also could affect the 
reflectivity.  
 
 
Figure 4.12 this is two situations on 26 December 2004 before the tsunami and that after in the east 
coast of Sri Lanka.  
(Ref: D. A. SANTEK and A. WINGUTH; “A satellite view of internal waves induced by the Indian 
Ocean tsunami”; Accepted by the International Journal of Remote Sensing (11 Nov 2005);  
Page16) 
 
In the Figure 4.12, we can find two kinds of waves: linear waves and bow waves. The 
linear waves could be generated by hitting and reflection the continental slope and the 
bow waves can be generated on basin and sea sink. 
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Figure 4.13: Some contours of the bathymetry data overlaid on the wave image. (by National 
Geophysical Data Center) the contours show the depth decreases from east to west. From the right 
figure, we can see the reflected waves emanate from the shelf break. 
(Ref: D. A. SANTEK and A. WINGUTH; “A satellite view of internal waves induced by the Indian 
Ocean tsunami”; Accepted by the International Journal of Remote Sensing (11 Nov 2005);  
Page17) 
 
The problem is that we don’t know how much these waves change can bring the 
tsunami. So we should improve the measurements of physical and research 
tsunami-induced wave in detail. Thus, the satellite images will observe the 
tsunami-induced wave accurately through using this knowledge combine with remote 
sensing, GPS and bathymetry. (Ref 72)  
4.3.3.3 Tsunami warning based on remote sensing and GIS 
Early warning of tsunami needs multi-layer analyzing in order to detect traces of 
tsunami. A tsunami hazard map is good way to predict the future tsunami, and the 
rescue teams could take with the digital map of the areas where would have the large 
destroy by future tsunami. What’s more, the evaluation of digital topographic data 
between the post-tsunami and the pre-tsunami also take a very important part. 
 
Landset data and Digital Elevation Model DEM) data which derived by the Shuttle 
Radar Topography Mission (SRTM) were used for tsunami hazard map based Remote 
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sensing and GIS. 
 
The following figure shows the detail about the relationship between the Remote 
sensing data and GIS data. “These include an inventory of seismic records, large-scale 
geomorphologic analysis, digital elevation data and high-resolution remote sensing 
data.” (Ref 73) 
 
 
¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯  
Figure 4.16: A remote sensing and GIS are used to tsunami hazard system 
(Ref: B. Theilen-Willige; “TSUNAMI RISK SITE DETECTION IN GREECE BASED ON 
REMOTE SENSING AND GIS METHODS”; Technical University of Berlin, Germany Science of 
Tsunami Hazards, Vol24, No.1(2006); Page37) 
 
The digital image processing procedures have been carried on the Landsat, so that we 
can obtain the multi-layers cartographic displays which derived from land-cover 
information of satellite and combine with GIS by using the software ArcView GIS. We 
also could use the Google Earth Software as a helper. (Ref 74) This kind of digital 
image processing techniques maps could satisfy a great variety of requirements.  
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The application of GIS in Tsunami Hazard Information System: 
(1) Obtain the digital maps based on Shuttle Radar Topography Mission (SRTM) data. 
There are hill-shade map, aspect map, slope gradient map, height map and so on. The 
following figures show the examples in Digital Elevation Model (DEM) maps.  
 
 
Figure 4.17: The workflow of the deriving maps based on SRTM data. 
(Ref: B. Theilen-Willige; “EMERGENCY PLANNING IN NORTHERN ALGERLA BASED ON 
REMOTE SENSING DATA IN RESPECT TO TSUNAMI HAZARD PREPAREDNESS”; Technical 
University of Berlin, Germany   Science of Tsunami Hazards, Vol25, No.1(2006); Page6) 
 
 
   
Figure 4.18a: Hill-shade map            Figure 4.18b: Aspect map 
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Figure 4.18c: Slope gradient map      Figure 4.18d: Height map  
(2) Analyze the risk factors by using the map calculator  
 Figure 4.18e: This is the original geomorphologic                          
map 
Figure 4.18f: This slope gradient map add the                             
isoclines which the gradients bigger than 20° 
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 Figure 4.18g: This height map add the mark of                                      
areas prone to tsunami risk 
 
(3) Using Hydro tools of ArcGIS to display the useful information and combining with other 
geo-data.   
 
Figure 4.18h: This show the direction of the current that might be useful to detect potential tsunami 
waves.  
 
Figure 4.18i: This map show the areas the water accumulate 
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Figure 4.18j: This watershed map shows the overview of the water run-off. 
Figure 4.18a-j: The different kinds maps based on GIS  
(Ref: B. Theilen-Willige;  “TSUNAMI RISK SITE DETECTION IN GREECE BASED ON 
REMOTE SENSING AND GIS METHODS”; Technical University of Berlin, Germany   Science 
of Tsunami Hazards, Vol24, No.1(2006); Page39) 
 
Remote sensing technology in a GIS environment is used as a independent and 
complementary tool, and it contributes to the early warning of tsunami and the traces 
of past tsunami. (Ref 75) 
 
At the same time, we can get many free GIS software (eg: Map Window GIS, SAGA 
GIS, etc.) and spatial analysis software. So the use of remote sensing and GIS 
technology with the low cost can be recommended widely. (Ref 76) 
 
 
 
 
4.3.4 Tsunami numerical modeling  
Numerical modeling becomes a usual way to define the potential risk area of 
inundation from distant or local tsunami. There are several numerical models be used 
in different tsunami research institutions. These models usually set to find out the 
worst case after a tsunami impacting local area. Pacific Tsunami Warning center 
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development a model named ‘MOST’ to simulating main results of a tsunami contains 
two primary parts, forecasting model and inundation model.   
 
At earlier period, such models have made a lot of mistakes to falsely reporting risk 
information. Because the original data was only obtained from seismic equipments and 
sea-level measuring instruments, uncertain parameters came from non-linear wave 
translation were the problem that cause these errors. Effectively and sufficiently 
system need very detailed and accurate data inputting. Furthermore, training and 
testing is also quite important for technician get totally understanding and correct using 
the system. Early warning system tend to use different numerical models simulating 
each segment of whole system, likes a egregious building was built by several kind of 
structure styles. For example, one kind of method was used for tide wave growing in 
open sea simulation, another kind of method maybe be used to simulate the generation 
of tsunami. 
 
But we also understand that there is no perfect numerical mode since the earliest 
warning center was established. The reason is quite clear that all numerical modes 
based on the historical data collection from coastlines and it is difficult to get detailed 
and comprehensive data before a good mode was created. Due to the limited 
parameters and limited data, simulation always have some errors, but it is much 
reliable than before and may be the only way for prediction tsunami risk area. (Ref 77) 
4.3.4.1 Forecasting  
Tsunami warning system needs an essential component that is an effective, fast, 
reliable and accurate tsunami forecast. When earthquakes occurred in deep oceansthe 
staffs that worked in Tsunami Warning Centers must evaluate the collected data of 
earthquakes and sea level rapidly. Staffs must decide to forecast the tsunami to coastal 
communities or not. If forecast is not reliable cause no tsunami as expected. The 
evacuation would become useless and make the loss of estates. On the other hand, a 
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missed warning could damage the entire regions near coastline. Both of the faults cost 
expensive and the people would loss confidence of the warning system. 
 
Tsunami forecast technologies are developing at National Oceanic and Atmospheric 
Administration (NOAA) and Pacific Marine Environmental Laboratory (PMEL). The 
methods that used in many other forecast systems such as weather forecast is the basic. 
After test and use in the real event, the technologies are going to maturity. PMEL is 
focused on use improved the speed, accuracy and reliability of NOAA tsunami 
warning systems to forecast tsunami to save lives. The strategy of PMEL is to progress 
a rapid, accurate and well operational tsunami forecast system. It can interpret the 
available data of earthquakes and sea levels, then compute the potential tsunami 
influences on coastline. (Ref 78) 
 
PMEL developed Deep-Ocean Assessment and Reporting of Tsunamis (DART) 
system. It contains of the technologies those about real time tsunami measurement. In 
DART systems: an array contains of several buoys have been set into the ocean that the 
location is relevant to tsunami spread. Buoys were set and turned on to the status that 
well functioned in the National Data Buoy Center (NDBC). The buoys were use to 
inspect the water column heights in Pacific Ocean and data feedback to system in time. 
(Ref 79) 
 
The process of DART system providing a tsunami forecast is: A large earthquake 
occurred in deep-ocean. Tsunameters detected the potential tsunami that would 
generated by this large earthquake. The forecast scenario is a two-step process where 
numerical models operate in different modes:  
 
1. Data assimilation mode.  
The model is a part of the data assimilation scheme. The process is started from 
compare the real time tsunami data with the MOST model database firstly. Then 
produce the pre-calculated tsunami wave heights at the several tsunameter locations 
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that are relate to the tsunami. When the actual values of the potential tsunami height 
were reported from one of the DART station, the data of tsunami times and values was 
recomposed and correctly predicted by model at the other relevant DART locations. 
The solution must provide the best fit to the observations. The computed tsunami data 
compares well with the recorded leading tsunami wave. The tails of tsunami are 
records in which contains reflections from various coastlines. The amplitudes and 
frequency of the tsunami tails are simulated reasonably well. So that shows agreement 
confirms that the model captures the process and is able to reproduce the data used for 
the forecast. (Ref 80)  
 
2. Forecast mode.  
The data are obtained in the first data assimilation mode steps. It is used into 
inundation model and simulate to providing the forecast in this mode. As the reason of 
that forecast was depend on the scenario chosen by the data assimilation step. It can not 
guarantee the quality and accuracy of the prediction. So an accurate simulation of the 
coastline tsunami and inundation are important. Some methods suggested use stereo 
photography data as an independent data of tsunami inundation model to calculate 
tsunami distances and heights. That is easier way to help use a particular model to 
forecast potential tsunami. (Ref 81) 
 
The accuracy and reliability of the tsunami forecast is important to DART system’s 
capability. The tsunami generated by earthquake in deep-ocean is more dangerous than 
harbor tides. Measure the propagations of tsunami from the epicenter region to far 
coastlines are difficult. And the complicated coastal parameters of water level and 
landform decreased the accuracy of the data computing in system. But at now, the most 
effective methods of a tsunami forecast using in NOAA’s measurement techniques is 
DART systems. (Ref 82) 
 
The numerical modeling of tsunami is a significant part in NOAA. Modeling methods 
are research tools and need to mature to be capable of accurate simulations. A better 
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method for real-time tsunami forecasting would provide forecast accuracy during an 
actual tsunami event in Tsunami Warning Centers. The methodology for tsunami 
forecasting that discussed in PMEL. It suggests that the critical components of tsunami 
forecasting technology are if it could provide a rapid and reasonable forecast of the 
tsunami waves. The use of seismic data as ideas for real-time tsunami forecast methods. 
In the west coastline of Pacific Ocean, Japanese has developed and implemented a 
local tsunami amplitude forecast system. The system is based on the seismic data and 
use pre-computed coastal amplitudes of waves as supplement. The weakness of this 
system is no data assimilation from direct tsunami observation. So the compute 
process has large potential errors of seismic source data estimates. Furthermore the 
local methods of tsunami amplitude source data are difficult to compute and 
implement for the whole wide Pacific Ocean tsunamis. PMEL has developed the 
methodology of integrated real-time data from tsunameters with a forecast database of 
pre-computed scenarios. Tsunami waves could be forecasted by processing real-time 
tsunami data with a numerical model. And then use the method from estimate to 
provide forecasts for tsunamis in real time. This technology simulated after careful 
considered of field historical data and instrumental data. (Ref 83) 
 
Method of Splitting Tsunami (MOST) model is the numerical model that introduced of 
PMEL. It is utilized for the development of the tsunami forecast scheme. This model 
has been tested by many of the laboratory experiments. Scientist used the model test 
the historical data of tsunamis. The model was succeeded in used for simulations of 
many historical tsunamis. (Ref 84) 
 
The MOST model interpretation of tsunami in two steps:  
First: Based on the historical tsunami data and seismic records. A database was 
established for deep ocean generated tsunami model simulations. It is applied to 
compute the tsunameter data from potential tsunami for produce a reasonable scheme 
in deep water. This step would complete along with a few minutes. That time is use for 
data collection.  
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Second: The data from deep water are using to inundation models as input data. Then 
provide tsunami forecasts by inundation models. (Ref 85) 
 
Linear propagation model database for original data sources:  
The location and the magnitude of earthquake can use as critical source parameter of 
tsunami characters. These source parameters for the far field tsunami characteristics 
can establish the source study. So after that, these data sources can provide the basis for 
construct a tsunami scenario. The tsunami scenario could simulate a given tsunameter 
data. These data sources combined numerical solutions of tsunami propagation can 
provide tsunami simulation. Then tsunami simulation in the forecast scheme is use for 
the data assimilation step. So as the database includes many tsunami scenarios for data 
sources, it stored all simulation data for each data source solution also. Include the 
most active subduction zones in history and tsunami amplitudes also velocities for 
each offshore location. So use the pre-computed data assimilation can faster than apply 
the other models that use so much time. (Ref 86) 
 
Source collection and correction using tsuameter:  
To improve accuracy of tsunami scenario forecast, we need correct the data sources 
first. From the tsunameter that can get tsunami real time data in tsunami occurring. So 
forecast database need to combine real-time tsunameter data with the simulation 
database. (Ref 87) 
 
Technology for Tsunami Forecasting and test: 
To establish an effective tsunami forecasting system need to integrate the advantages 
in tsunami measurement and numerical modeling technology. For the reason of neither 
technology nor measurement can forecasting tsunami alone. The facilities of 
observation like surface buoy and tsunameter on the ocean floor will never dense 
enough because the ocean is enormous. To locate the tsunameter and keep the function 
of monitoring station is costly and difficult. In forecasting, errors in measurement of 
ocean and topography limit numerical model accuracy. These techniques can provide 
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reliable tsunami forecasts by used and combined carefully. (Ref 88) 
 
Difficulties of Real-Time Forecasts:  
Tsunami warning center in America are tasked with prediction tsunami warnings for 
the nations around the Pacific. Tsunami warnings is for mitigate potentially wave 
inundation at coastline caused tsunamis. The staffs working in tsunami warning center 
and other officials are operate tools that will provide accurate tsunami forecast as guide. 
The manager can make rapid and critical decisions in time. To warn people at the 
coastline evacuate immediately. The more precise the warnings are in time, the more 
effective decisions can managers decide. And can save more lives and property on the 
coastline. Tsunami warning center have a difficult problem with prediction tsunami 
warning based on incomplete and uncertain data. The warning decisions are made 
based on observation of seismic wave data as measurements of tsunami generation. 
Tsunami would be confirmed by coastal tide gage data. But these data may arrive too 
late for measure to make the decision of evacuation timely. This disadvantage of lack 
of timely tsunami data information can lead to many false alarms. And the confidence 
of people who trust the warning and evacuated would loss. So tsunami forecasting 
systems need to base on combine new tsunami measurement technology with the best 
modeling techniques can provide significant data and quality measurements of tsunami. 
Then tsunami warning system can guide managers make the right decision to reduce 
the impact of tsunami during tsunami events. (Ref 89) 
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Chapter 5. Discussion & Analysis 
5.1 Earthquake 
After learning the mechanism of tsunami happening and TWS based on the flow that 
earthquake=> tsunami=> inundation=> warning system, we began to brainstorm to 
make scenarios for each procedures of the flow. As the earthquake is concerned, we 
could presume that some possible about the different movement of plates cause 
different earthquake, as well as the different tsunamis generated by different 
earthquake. As an analogy, we also make scenarios about the waves related to 
orientations of plate boundary; the ocean depth related to the velocity of water; the 
relationship between distance and time within the epicenter and impacted areas; the 
wave’s size change during water propagation; the inundation zone referring to the 
depth and width. Then it comes to how good the warning system is. 
 
In the theory part, we have known the three types of plate movement, including 
transform, divergent (spreading) and convergent (subduction). The three are all cause 
the earthquake. Considering tsunamis are generated by several factors, but the most 
influence factor is earthquake. Then it come a question: whether or not we could think 
the three kinds of plate movement are all generating tsunamis? Based on the character 
of tsunami that a large mass of water displace up and down under the condition of 
earthquake, that is to say only the earthquakes making water displace up and down can 
cause tsunamis. Therefore, we have to analysis the three earthquakes generated by the 
three types plate movement. Of course we can not neglect the three types earthquakes 
have to happen under the oceans. For the first one, transform, the boundary is 
happened by only sliding between the two horizontal plates, thus we conclude it should 
disturb water movement horizontally instead of displacement vertically because the 
transform boundary can not make any motions in the vertical direction. While for the 
second one, divergent, the boundary is generated by opposite orientation of two plates 
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move each other. As the magma releases heat as energy, the air below the plate will be 
expanding. Therefore, the expanding air must push the upper plate up, forming a ridge. 
And the heat air drives the movement of plate, leading split along the boundary. When 
the water meets the split, they must flow into the crack, the water would sink into the 
crack, and the appearance on the water surface would form an eddy. Because the 
motion causing an eddy should be gravity, under the existing of gravity, the water has 
to sink into the crack. The motion would like be dragged. The process of sinking water 
into the crack would happen in divergent boundary. Therefore, like the transform 
boundary, the divergent boundary is also not locating at tsunami happen. Whereas, for 
the third one, convergent, the boundary is caused by the plate moves away from 
another one and slides beneath it. Just the plate movement, one plate is over or beneath 
the other, thus the seafloor must lift or subside the entire water. Therefore, we think the 
water have to find another way to compensate the unequilibrium trend. As a result, we 
find that is waves, they have to displace in the vertical direction moving up and down 
to reach water equilibrium. Like a spring, when you release the spring with 5N, it will 
flex constantly until it reach equilibrium. And the displaced waves will propagate from 
epicenter to coastline, which causing tsunami.  
 
Of course, different degree of plate movement can cause different magnitude of 
earthquake, which inevitable cause different tsunami. This is because that the energy 
from earthquake plays a significant role to decide the activity of water wave, which 
further leads to different magnitude of tsunami. Based on the relationship between 
Richter scale and energy had told in theory part, here comes the energy will increase 32 
folds when increasing one magnitude of Richter Scale. We have introduced 1 Richter 
Scale is looked as 0.48×10-3 ton of TNT. As an analogy, if we assume one earthquake 
with 2 Richer Scale, the corresponding energy will be released by (0.48×10-3 × 32) ton, 
is equal to 0.15×10-1 ton of TNT. When there is one earthquake with 7 Richer Scale, 
the energy will be released by 0.48×106 ton of TNT (0.48×10-3×326), which is equal to 
the energy of the present largest A-bome. Since people have direct feel for the A-bome 
on TV or other intermedium, it is clearly to understand the degree of seafloor 
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earthquake, as well as tsunami disaster ability.   
 
Different directions of sea bottom sliding causing different magnitude and way of 
tsunami after the generation of an undersea earthquake. When we analysis the transfer 
direction of the wave, we should based on the theory of tectonic plates reaction. The 
first thing should be considered about where has the most possibility rate for 
generation a tsunami. The answer is the boundaries where two or several plates 
meeting. Let’s initial an ideal ocean with several plates. 
   
 
 
 
                                  Plate 1  
                        Plate 2   plate 3   plate 4 
 
                                 Plate 5 
                 Continent 
 
 
                               Ocean 
We defined a square continent around an cycle shape ocean, the bottom of the ocean 
are consisted by 5 plates. When an undersea earthquake is generated between plate 1 
and plate 2, the slide direction only could go from western north to eastern south or go 
opposite way like the picture below. 
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Tsunami wave always shaped like several ellipses extending. In this picture, the line 
denotes a boundary sliding after undersea earthquake, two arrowheads denote the 
possible sliding direction and ellipses give an overview of wave extending. There are 
three possible wave extending direction in this initial ocean.  
 
 
 
 
 
 
    Situation. 1         Situation. 2      Situation. 3          Situation. 4 
 
Situation boundary boundary 
1 Plate 1 and 2 Plate 4 and 5 
2 Plate 2 and 3 Plate 3 and 4 
3 Plate 1 and 4 Plate 2 and 5 
4 Plate 1 and 3 Plate 3 and 5 
 
Warning system detection strategies should be designed for suitable the relevant 
situation based on the idea of faster communication and precise geological data. The 
only method to treat with these complicated situations is improving detection 
equipments as ocean-bottom earthquake wave detection instruments and pressure 
survey instruments (for detection wave transferring under sea).  
 
The first kind of equipment has been developed much maturely and they were 
distributed according to the map of tectonic boundaries. Essential rule for installation 
is put them close to the place where have a high earthquake generation rate (under-sea 
plate’s boundaries), but it have to be keep out of dangerous distance, they are very 
expensive and really difficult for repairing in time. According to the theory of tsunami 
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generation, only an earthquake’s magnitude over 6.5 may cause tsunami and one thing 
we should face to that there is almost no efficient real-time earthquake sliding trend 
survey instruments and analysis system. The sliding trend of earthquake plays a very 
important role for generation tsunamis. Based on previous theory, we almost can not 
immediately decide to warning as an undersea earthquake happening, because the data 
that we can collects from earthquake is only signal. The most important survey should 
focus on the wave detection. Let’s have a look of the relationship between velocity of 
wave and the time of tsunami reach the coast in our ideal ocean. 
 
 
5.2 Wave transfer and it’s detection 
Nowadays we can easily find out the average depth in three main oceans. 
1. Data of depth in three ocean 
 Pacific Ocean Atlantic Ocean Indian Ocean 
The great depth(m) 10911 8605 7450 
The average depth 
(m) 
4300 3627 3890 
 http://en.wikipedia.org/wiki/Pacific_Ocean 
 
So the average value of ocean’s depth is 3939m and approximate 4000m, we prefer use 
4000m as an initial average value of our ideal ocean. 
2. make a plot 
We set the bottom of our ideal ocean is flat. Then we calculate and plot the data in 
and the relationship between depth and velocity of a wave by using equation 
C=√gh. The depth data ‘h’ started from 1000m, each increase by plus 1000m and 
end at 11000m which the value approximates to the known deepest ocean depth. 
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Then we get the figure. l 
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In this figure, we use the red point to show the different velocity in three oceans 
respectively.  
Group 1 Pacific Ocean Atlantic Ocean Indian Ocean 
The great depth(m) 10,911  8605  7450 
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Velocity (m/s) 327.00 290.39 270.20 
Group 2 Pacific Ocean Atlantic Ocean Indian Ocean 
The average depth 
(m) 
4,300  3627  3890 
Velocity (m/s) 205.28 188.53 195.25 
 
Follow the equation we can get, in the deepest point, it can be the maximum velocity in 
the relevant ocean, and in the average depth, the wave ~~~~~.  The curve line from 
average depth point to deepest point means in the Pacific ocean, the wave velocity not 
more than 327.00m/s and it normally shows in the data around 205.28m/s. Similarly
the velocity of wave in Atlantic ocean not more than 290.39m/s and the velocity 
around 188.53m/s. In our initial ocean, the velocity of waves is around 200m/s which 
means if the warning system using 15min to issue a warn, people have no time to run if 
they live in the radius of 180km from the epicenter. Of course the bottom of the sea 
wouldn’t like      , but we should consider the maximum velocity at first and try to 
give a logical detection instruments distribution.  
 
The central consideration in the design of buoy and tsunameter location is how soon a 
dependable forecast of the tsunami we can get. The buoy is always be posited near the 
trench, which lies to earthquake’s epicenter. This array way have one advantage, the 
buoy(and tsunami) is the first step in an computation procedure for an real tsunami 
wave, more closed to the tsunami’s source-always trench, more quickly and reliable 
data it can get. Normally, the distance of buoy position to trench is less than 50-60 Km. 
However, it not too much near, the epicenter is not safe enough for deposited buoy 
where is easy to demolished by the earthquake.   
 
            Tsunami source 
            Position for buoys 
            and tsunameters 
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In fact, we should place buoy in the accurately positions, we don’t need place them 
where the plate boundary are less than 180km to the continent where the place could 
never be survive even the warning system make an absolutely warning in our ideal 
ocean.    
 
 
5.3 Inundation prediction analysis 
Before analysis the inundation of tsunami we have to consider the energy losing in the 
water. Tsunami has the three-part process : some physical force stirring up the water 
body cause the tsunamis, The deep-sea tsunami nearby the source of the outbreak 
reached the shallow water, Finally, water impacts the coast,  similar to the enormous 
destructive power of atomic bombs.  From the point of view of energy, tsunami is that 
energy of the undersea earthquake through the crust and water in the process of passing 
on to the coast. As a series of great tsunami wavelength which can spread thousands of 
kilometers at high speeds but little energy loss in the process. Therefore, disaster area 
is far from the epicenter of the quake was the most severely affected. When tsunami 
has happened, energy will distribute to the water body and travel outward in all 
directions. It looks like throwing a stone into a lake. Tsunami energy is loss by 
sea-bottom friction and spread in time. When the tsunami waves reach near the coast, it 
becomes compressed and wavelength is shorter than before, the energy increased 
sharply. Tsunami run-up impacting the coast will lie on the way of the energy focus, 
spread path of the waves and the coastal landform. 
 
In the inundation area, two of the factors that we must thought about when we analysis 
the damage grade. First one is the width of the inundation zone. Every coastal area has 
their slope. That slope is caused by the land is higher or lower than sea level. In simple 
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word: if height of altitude is much higher, then the slope is more higher and steeper. 
When tsunami comes to impact the coast area, the inundation width in the land has 
higher slope and lower slope is distinctness. The figures below show the inundation 
width in different slopes:  
 
   Tsunami wave                       Slope of coast   
 
 Sea level                   Inundation width    
Figure  .1 Shows the inundation width in coast has high slope. (By own; 20/12/06) 
 
 
 
  Tsunami wave                          Slope of coast    
 
 Sea level                    Inundation width 
Figure 2 Shows the inundation width in coast has lower slope. (By own; 20/12/06) 
 
The figures above indicated that the same tsunami, inundation width is different in the 
conditions of different slope. Obviously the inundation width in higher slope of coast 
area is narrow than in lower slope. The reason of inundation has this kind of scenarios 
is that higher and steeper slope of coastline can maintain the sea water not go higher. 
Slope can be calculated as height divided by inundation width. The height is between 
the highest altitude point of the land that inundation can reach and sea level. The 
volume of sea water of inundation is the same as sea water of tsunami. Huge tsunami 
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brought enormous volume of sea water rush into the coast. The water level would 
increase rapidly. Under the highest altitude point that sea water reach is the area 
covered by inundation. So basic calculate of inundation width is equal to height 
divided by slope. If the height of tsunami tide is same, inundation width would be less 
when the slope of coastline is higher.  
 
Second factor is about the depth of inundation. The tsunami tide make the sea water 
comes from below to upwards. Sea water submerge the lands where normally not 
covered by sea water. Inundation depth depends on the landform. Sea water swarm into 
the flat land, basin land and bottomland, the inundation would congregate and stay 
deep. But if near the coast is mountainous land or highland, the inundation would not 
damage so much as the reason of low depth. The depth of inundation of sea water 
causes the damage directly. People could drown in deep sea water inundation. 
Buildings immerged in sea water would break the wall, groundwork would sinking, 
property inside the buildings would be unable to salvage. If transformer substation 
would reach by the inundation, all the electricity power would stop after the water 
immerged. The cropland would in the disaster of sea water inundation. The traffic on 
the highway would break off by the inundation. These harms would be much in the flat 
land than in the highland.    
 
There is another situation of tsunami inundation width and depth that normally 
happened and gave the influence of coastland. That is the height of sea water level over 
the land, and rushed into the roominess flat area. Then the width of inundation in this 
situation can not be calculated exactly. Sea water in the area would run off back in 
ocean slowly. Depth of inundation is decreased slowly. Some of the sea water would 
infiltrate into soil and infect the groundwater.   
 
But in the warning system, artificial numerical modeling of the inundation could 
estimate the situation that would happen after tsunami occurs. Those include the 
tsunami would reach the land or not, when the tsunami would come and what should 
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people that live near coast do, etc. The MOST model that used in PTWC can simulate 
the whole process of tsunami that generation, propagation and inundation. For the 
inundation part in the MOST model, initial data from the real time tsunami wave are 
put into the model. These data are wave length of the tsunami wave, velocity and 
direction of the wave. The initial data are collected from DART system when 
tsunami occurs. Then based on scientific equation and method calculate the inundation 
zone. Give the simulation of inundation zone that how width and depth could be. The 
inundation model analyzed the historical tsunami, simulate real tsunami. Analyzed 
historical tsunami data is helpful to establish the database of tsunami. It can use to 
calculate and forecast tsunami in real time tsunami event. 
 
For different landform of mainland, inundation model is also different. The inner main 
equation is the same but the parameter must be changed. For instance, mountainous 
landform and flat land landform is distinctness. When use inundation model simulate 
the tsunami submerge into these two kinds of landform, parameter changed can cause 
distinguish estimate and forecast. Inundation in land of mountainous landform can not 
damage so much as the flat mainland.  
 
5.4 Future development 
As the eyes of monitoring tsunami for human in the ocean, Tsunami Warning System 
(TWS) concentrates a lot of high technologies and in the front of science. However, as 
everything has two sides, although TWS is the combination of high technologies, it 
still has many weak points need to be improved.  
 
In the domain of technology, we found four parts need to be improved. The first one is 
sensors (e.g. pressure sensor on tsunameter) need to be more sensitive to detect. So 
pressure sensor can support better data to computer in tsunameters, and the computer 
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gives more reliable judgment. The next one is sometimes bad weather or other reasons 
cause the pressure change in Deep Ocean, at this time, the computer and pressure 
sensor of tsunameter will still work as earthquake condition and give false alarms. The 
third one is also because the bad weather condition, the connection between 
tsunameter and buoy is worrying, the acoustic data package could not be transmitted 
normally form tsunameter to buoy. So the antijamming ability of the modem in 
tsunameters and buoys is needed to be improved. The last one is TWS need to build 
more close-knit relationship to Geographic Information System and Global Position 
System, and share each other’s resource. Because resource share means quickly 
locating the earthquake and tsunami, and if the tsunami real occurs, quickly locating 
means saving more lives.  
 
Next, we move our eyes to the TWS detection region. In this part, we found two parts 
of TWS need to be improved. The first one is the detection region is limited, because 
people can not put in tsunameters and buoys to many regions in ocean. So many parts 
of the ocean are out of the detection region of TWS. So if a earthquake cause a tsunami 
in the region out of TWS’s detection, TWS could not find the tsunami as quickly as 
possible, and this means there is only a little time left to people escaping. Another one 
is people need to put in more tsunameters and buoys into high risk (e.g. fire ring) 
region. From GIS people can analyze and easily find some high risk regions. 
Monitoring high risk regions is a high efficiency way. However, above two problems 
relate to economic reason. Different countries have different economic condition. The 
economic reasons also limit the development of TWS.  
 
According to above analysis and explanation, we can see TWS is not perfect today. But 
nowadays, a lot of scientists and engineers are making the TWS better and better. We 
believe someday TWS will be perfect and become the tsunami guarder of human. 
 
Above ideas are ourselves, because our knowledge is limited, some of them are not 
completely correct. 
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Chapter 6. Conclusion 
According to above analysis and discussion, we clearly know that as the combination 
of advanced technology, Tsunami Warning System (TWS) has a well capability, and it 
is developing towards to mature, this means people live in TWS detection region have 
a safer environment comparing to the region without TWS. Most of time, we think 
TWS is reliable although some time it has false alarm. However, it can not say people 
in an absolute safe environment when tsunami occurs. So the research can not be 
stopped, some guide line of TWS are not perfect, especially in technology domain, 
TWS need to relate to Geographic Information and Global Position System. Also 
because of the economic reason, TWS’s popularization is limited for many countries. 
Whatever, only real tsunami and time can test whether TWS is reliable or not although 
nobody like tsunami occurring. We believe TWS is a potential and well capability 
system. 
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